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introduction

The induction of an immune response requires that the
responding T cells receive both a primary signal delivered
through the T-cell receptor (TCRYCD3 complex (June
1991; Klausner and Samelson 1991) and a second or
costimulatory signal (Jenkins and Schwartz 1987; Umetsu
et al. 1987; Nisbet-Brown et al. 1987). The B-lymphocyte
activation antigens B7-1 [(CD80) (Gimmi et al. 1991;
Koulova et al. 1991; Linsley et al. 1991a, b; Freeman et
al. 1991; Reiser et al. 1992) and B7-2 (CD86) (Boussiotis et
al. 1993; Azuma et al. 1993; Freeman et al. 1993; Engel et
al. 1994)] can deliver a costimulatory signal via the T cell
CD28 pathway. Inhibition of the B7/CD28 binding in the
presence of TCR signaling leads to the development of
antigen-specific anergy. (Gimmi et al. 1991). Blockage of
the B7/CD28 pathway has led to the induction of antigen-
specific tolerance and to engraftment of transplanted organs
in a variety of animal models (Harding et al. 1992; Turka et
al. 1992; Lenschow et al. 1992; Pescovitz et al. 1994;
Blazar et al. 1994; Pearson et al. 1994).

The DNA sequence and predicted protein sequence of
CD86 exhibits homology with CD80. Both proteins are
composed of two extracellular domains related to the
immunoglobulin (Ig) superfamily, a hydrophobic trans-
membrane region and a cytoplasmic domain. Despite
their structural similarities and their ability to function as
costimulatory molecules, CD80 and CD86 may have dis-
tinct roles. Both are expressed on activated B cells, acti-
vated monocytes, activated and resting dendritic cells, and
activated T cells, and are absent from resting B and T cells
(Freeman et al. 1993). CD86 alone appears on resting
monocytes. While both CD80 and CD86 are expressed on
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B cells after induction, the kinetics and level of expression
vary according to the inductive agent (Lenschow et al.
1994). Similarly, IFN-y treatment of dendritic cells induces
increased expression of CD86 alone (Larsen et al. 1994).
The appearance of the two costimulatory molecules on
different cell types at different times suggests that they
may play unique roles in modulating an immune response.

Two CD86 cDNA sequences have been reported
(Azuma et al. 1993; Freeman et al. 1993). These sequences
are identical in their coding regions but diverge in their
5'UT and 3'UT sequences. In this study, we report the
genomic structure of the human CD86 gene and show that
both of the different reported 5'UT sequences exist as exons
adjacent to the coding region.

Materials and methods

Screening the human genomic P1 library for CD86

The DuPont Merck Pharmaceutical Company Human Foreskin Fibro-
blast Pl Library #1 (DMPC-HFF#1) was screened for CD&6 by
Genome Systems (St. Louis, MO) using PCR primers complementary
t0 CD86 cDNA (Freeman et al. 1993). The four DNA primers used for
polymerase chain reaction (PCR) screening of this library were as
follows:

«157, 5’ .CACGGTTACCCAGAACCTAAG-3'": “16”, 5'GCGTGAAGA-
TAAAAGCCGCGTC-3'; “I7", 5'-CACAGGGTGAAAGCTTTGC-3;
and “J8”, 5'-GGGATCCATTTTGGCTGC-3".

PCR primers J5 and J6 are sense and antisense primers derived
form the IgC-like domain of CD86 and generate a 212 base pairs (bp)
PCR product. PCR primers J7 and J8 are sense and antisense primers
derived from the 5'UT CD86 sequence published by Freeman and co-
workers (1993) and generate a 115 bp PCR product. PCR conditions
used to identify CD&6-specific P1 clones consisted of 30 cycles each
composed of denaturation at 94 °C for 30 s, annealing at 55 °C for
1 min, and extension at 72 °C for 1 min.

Preparation of DNA from CD86 genomic P1 clones for direct
sequencing

Pl DNA was transferred into Escherichia coli (E. coli) host DH10B to
aliow preparation of DNA suitable for direct double-strand cycle
sequencing. This was accomplished by two rounds of Hfr-mediated
mating utilizing E. coli strains NS3529 and DHI10B and protocols
provided by Genome Systems. DH10B cells containing DMPC-HFF#1
P1 clone 1390-Al or clone 1307-7C DNA were selected based on their
acquired resistance to chloramphenicol {encoded by the F' episome)
and kanamycin (encoded on the P1 plasmid). Plasmid DNA suitable for
direct sequencing was prepared from a 500 ml yeast tryptone broth
culture containing kanamycin (25 ug/ml) that had been inoculated with
5 mi of an overnight culture. The cultures were incubated at 37°C at
250 RPM for 30 min, IPTG was added to a final concentration of 1 mM
to induce the P1 lytic operon and cells were harvested 5 h post
induction. The cells were collected by centrifugation and P1 plasmid
'DNA prepared by the triton lysis method ( protocol provided by
Genome Systems). Final yield of P1 DNA was approximately 25 ug/
500 ml culture.

Sequencing CD86 P1 clones

Oligonucleotide primers complementary to CD86 cDNA were used to
sequence exon/intron boundarics in both directions. Cycle sequencing
was carried out with an ABI (Foster City, CA) prism kit using | ug of
Pl template DNA, 4.8 pmol primer, and 30 cycles each consisting of
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denaturation at 97 °C for 15 s, followed by annealing at 55 °C for 1§ g
and extension at 60 °C for 4 min. Reactions were purified on “Baker:
bond spe” (1. T. Baker, Phillipsburg. NJ) I-ml disposable filtratiop
columns and the DNA was precipitated with the addition of 2.5 volumeg
of ethanol. Precipitated DNA was resuspended in 5 ul of a 4: 1 mixture
of formamide: 50 mM ethylenediaminetetraacetate, heated for two min
at 95 °C, placed on ice, and the sequence determined using ap
ABI 373A automated sequencer (ABID).

Southern blot analysis of restriction enzyme-digested PI DNA

For Southern blot analysis (Southern 1975), DNA was prepared from
500 ml 1PTG-induced cultures of CD86 genomic P1 clones #1390-Al/
DHI0B and #1307-7C/DH10B using QIAGEN (Chatsworth, CA)
protocols and reagents. Approximately 1 ug of plasmid DNA per
reaction was digested with a panel of restriction endonucleases, and
the digested DNA analyzed by agarose gel electrophoresis. The DNA
was visualized by staining with ethidium bromide and transferred to
nitrocellulose membrane filters. Oligonucleotides corresponding to
CD86 exons and flanking intron sequences were synthesized and 3°
end-labeled with fluorescein-dUTP (ECL 3’ oligolabeling and detec-
tion system; Amersham, Arlington Heights, IL). Southern blots of
restriction enzyme-digested DNA prepared from both clones were
probed with fluorescein dUTP-labeled oligonucleotides. The hybri-
dized oligonucleotides werc detecting using anti-fluorescein HRP
conjugate antibodies (Amersham). The sizes of the restriction frag-
menis were estimated by comparison with ECL DNA markers (Amers-
ham) designed for use with this system.

Confirmation of intron sizes by PCR

The length of introns determined by Southern blot analysis were
confirmed by PCR analysis using primers complementary to exon
sequences at the exon intron boundaries and directed towards adjacent
exons. Template DNA (20 ng) and 100 pmol of each sense and
antisense primer were mixed and denatured at 97 °C for 2 min. The
intron sequences were PCR amplified using 30 cycles each composed
of a denaturation at 95 °C for 1 min, annealing at 55 °C for 1 min, and
extension at 72 °C for 4 min. PCR products were analyzed on agarose
gels, transferred to nitrocellulose, and probed with a variety of Jabeled
intron and exon primers to measure size and to confirm integrity.

Results

Two human genomic Pl clones were identified by probing
with CD86-specific PCR primers provided by Genome
Systems. P1 human genomic clone 1390-A1 was positive
in PCR reactions with primers J7 and J8, specific for CD&6
5'UT sequences, and negative in PCR reactions using the
IgC-like domain primers J5 and J6. P1 human genomic
clone 1307-7C gave the expected 212 bp PCR product with
IgC-like domain primers J5 and J6 and was negative in
PCR reactions, using the 5'UT primers J7 and J8. Southern
blots of restriction enzyme-digested clone 1390-Al and
clone 1307-7C P1 DNA were probed with exon-specific-
labeled oligonucleotides to assign CD86 exons to their
respective genomic clones. Both reported 5'UT exon se-
quences were localized to P1 clone 1390-A1. The signal
peptide, Ig-like extracellular, transmembrane, and cytoplas-
mic domains were localized to P! clone 1307-7C.

DNA sequencing of intron/exon boundaries was per-
formed directly on P1 CD86 genomic DNA using primers
derived from CD86 cDNA sequences. All junctions were
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Discussion

The two independent cDNA sequences reported for the
CD86 gene contained identical coding sequences for the
CD86 protein region but had different 5'UT sequences. The
existence of both of the 3'UT sequences was confirmed by
DNA sequencing of the CD86 genomic DNA. In the CD86
gene, exons | and 2 correspond to these alternate 5'UT
regions. The isolation of the two CD86 c¢cDNAs suggests
that the expression of this gene may be regulated at the
transcriptional or RNA splicing level, which could give rise
to tissue-specific expression of CD86. The CD&6 cDNA
isolated by Freeman and co-workers (1993) was found in a
library prepared from activated human B lymphocytes,
while that reported by Azuma and co-workers (1993) was
found in a library prepared from the JY B-lymphoblastoid
(B-LBL) cell line. The alternate 5'UT regions found in the
two ¢DNAs may reflect this difference in the source of
cell for the preparation of the respective libraries. The JY
B-LBL cell line constitutively expressed CD86 at high
levels and was the source of the CD86 cDNA which started
with exon 2. Activated human B lymphocytes were the
source of the cDNA starting with the exon 1 sequence. The
two CD86 cDNA with alternate 5'UT sequences may
represent constitutively expressed and inducible forms of
CD86. We found the divergence of these CD86 cDNA
sequences to occur precisely at exon 3 (Fig. 2), which
encodes the predicted secretory signal peptide. An exon 1/3
splice event gives rise to the cDNA clone isolated from
activated human B lymphocytes as described by Freeman
and co-workers (1993). Alternatively, splicing of exon 2 to
exon 3 produces the CD86 ¢cDNA clone isolated from the
B-LBL cell line reported by Azuma and co-workers (1993).
In both cDNAs, translation of the signal peptide probably
initiates at the methionine codon in exon 3. The organiza-
tion of the CD86 genome reflects the structural aspects of
the CD86 protein. The signal peptide sequence, the two /g
family member Ig-like extracellular domains, and the
transmembrane domain are located on individual exons.
The cytoplasmic domain of CD86 is split between three
exons (exons 6, 7, and 8) suggesting the possibility that
alternate splicing could give rise to CD86 with different
intracellular sequences. While alternate splicing of the
cytoplasmic domain of CD86 has not been reported, multi-
ple cytoplasmic domains do exist for the mouse homologue
of CD8O (Borriello et al. 1994).

The genomic organization of CD86 is similar to that
reported for CD80. The 5'UT sequences were found on a
separate exon. In CD86, exon 3 encodes a signal peptide.
exon 4 contains the predicted IgV-like domain, exon 5
contains an Ig C-like domain, and exon 6 encodes a stretch
of hydrophobic residues corresponding to the transmem-
brane domain. These regions correspond to exons 2 through
5 in CD&0, respectively (Selvakumar et al. 1992). The
genomic organization of CD80 and CD&6 diverges at the
3’ end of the gene. Notably, the cytoplasmic tail for CD86
spans three exons (exons 6 through 8) in contrast to being
entirely contained in the final exon for CD80. No evidence
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Exon 1

actgaattatatattctttaatacatatagdcctacqtcaatgagtttaaactqcaaqqaaagggttaaatttcttcc
tcaaqtgtggtcaaaatctgtagaqaaaaqaggaacaqcttntcttaaagaaagt:agctgggtagqtatacagach
rgeegaggaaggctLy

TCATTTCCAG

CACAGGGTGAAAGCTTTGCTTCTCTGCTGCTGTAACAGGGACTAGCACRGACACACGG
ATATTAGSTCACAGCAGRAGCAGTCARAATGGATCCCTAGTS

gbqagtaataattcttathc:tgcagagaatha:gagttgtgactgcaggqaaaggctqaqgttgaagatqg:gct

ttgatgtgtgtoctte, cttagttcctaagtggagaagchttctt::tctacaaaagatctttggcacataaaggcaa
gaattatttgoaatgcocaaaguaghteat. . ... Intron & (3.C Kb).....
Exon 2

..... tocctggobgtgatgtt trtototgttiottoncascottotghitittotgtartrgas
gteetggoattatthete aca

AGOAGCCTTAGGASGTGCGGSAAGCTCGCGATACTUCT T TRGGTTTATTCTTAL ACCTTGINTCTGTGTTCCTTEGE
BATGCTGCTGTGOTTATCCATCTGSTCTCTTT T TE3AGCTACAGTGGACAC TTTGTGACAS

ctgoaagotgcatotgggycagaaatgetga
crtaaaacctetgaccatgeaggtitge
acctgteic, ..

gtatgt:tgtggaggctcaqacgcctagggagtgg:atgagataa
tgtgctaatggccggccagagaatgagtaaaagggattgcagagaq;atv
ttctcagattgactacattggaggtqqgatattacaaaaatctgtctcu

Exon 3

tgggaaatgtga:c:at"gatggagctaaqagcaaaaggaaatggct:tqatgaagcc:tggcattgtctcﬁgcaca:
cegagaacceaagtgaa aaacteeacgteos ggtuatgtittogigaacateggtrtieagtttoctiiticnaa
tcaagtittaccttitititctogactetag

CAOT ATG GGA CTG AKGT ARC ATT {EC TTT GTG ATG ¢ TIC CTG CTC TCT G
Met Gly Leu Ser Asn Ile Leu Phe Val Met Ala Phe Leu Leu Ser G

ctactgtetectgatgagtoctgaccacaggaagecaggcotga
cacatgeaazaaagactttociggagaagaagqy

gtasgaacctttcagetttghtaagtcotggaats
gacttggggggttttactcacttteractya
aagtgttatgattgagag.....lotzen € (1.2 Kok.....

Exon 4
..... aactqaggctcazgaagagttgcaggttgtaccagg::aca:atttagt:agcgg:—aaqccagqaccaaggt
cctaatctccagatgcccagcagatgtgcacaqt:ccagaacttaatatcttattcttcagcatgattactgataaga
tagtat gggtattgtataaagagaaatggaggtttibis cttgrtttotccctesctaatecttaace
ttottttttag

(+1}

GT GCT GCT CCT CTG GAG ATT CAAR GCT TA&T TTC RAT GAG RCT GCA GAC TG CCA TGC CAR
ly Ala Ala Pro Leu Sln Iie Gln Ala Tyr Phe Asn Giu Thr Ala Asp Leu Pro Cys Gln

TTT GCA AAC TCT CAR AAC CAR AGC (TG AGT GAG CTa GIA GTA TRT TGG CAG GAC CAG
Phe Ala Asn Ser Ginm Asn Gln Ser Leu Ser Asp Leu val Val Phe Trp &in Rsp Gln
GRA RAC TTG GTT CTG AAT GAS GTA TAC TTA GGC ARA GAS ARA TTT GAC AGT GTT CAT
3lu Asn Leu vVal Leu Asn Glu Vai Tyr Leu 3ly ILys Glu Lys Phe Asp Ser Val His

TCC ARG TAT ATG GGC CGC ACA AGT TTT GAT TCG GAC AGT TGG ACC
Ser Lys Tyr Met Gly Arg Thr Ser Phe Asp Ser Asp Ser Trp Thr

CAT CAC RAM AAG CCC
His Hiz Lys Lys Pro

ART CTT CAG ATC AAG GAC ARG GGC TT3 TAT TAA
Asn Leu Gln Ile Lys Asp Lys Gly Leu Tyr Gla

KCA GGA ATG ATT CGC ATC TAC CAG ATG RAT TCT GRA CTG TCA GTG CIT G
Thr Gly Met Zle Arg Ile His Gln Met Asn Ser Glu Leu Ser val Leu A

;tatgtgqtcaatqgtqtgtg;tcaqatﬁctcagcc:t:Lcagatgaqactgcaaatqaqttagaaaaacactqgagq
Jggacttgagggacccagy Jyggggtetat aggeagaeggacagecactictgggaagtgeatity
G Intron D (2. GKO) .. ...

g

for alternate splicing of CD86 cytoplasmic exons is found
in the two published CD86 cDNA sequences, however, they
do differ in the extent of their 3'UT sequences. This
difference may be due to the existence of two polyadenyla-
tion signals in exon 8. An alternate polyadenylation signal
was also noted for CD80 (Selvakumar et al. 1992).

In summary, the genomic organization of CD86 coin-
cides with structural protein components of signal peptide,
extracellular, transmembrane, and cytoplasmic domains,
but also reflects the potential for regulating the expression
and signalling capacity of CD86 through alternate splicing.
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caggtgtgccccaatgagococagateag
Jatttiteithatcteloniehgstttoay

..... cteaccttgggetgagggtcacattitagacacectgagy
gtacccagttatttygotatteectectagatacatctaaactiaga

©T AMC TTC AGT CAA CCT GAA ATA GTA CCR ATT TCT RAT ATA ACA GAR AAT GTG TAC
la Asn Fhe Ser Gin Prc Glu Ile Val Pro Ile Ser Asn Ile Thr Glu &sn Val Tyr

AAT TTG ACC TGC TCA TCT ATA CAC GGT TAC CCA GAA ICT ATG AGT GYT T7G
Asn Leu Thr Cys Ser Ser Ile His Gly Tyr Fro Glu Pro Lys Lys Met Ser Val Leu

CTA AGA ACC AAG ART TCA ACT ATC GAG TAT GAT GGT CAR GAT
Leu Arg Thr Lys Asn Ser Thr Ile Glu Tyr Asp Gly Gln Asp
BAAT 57C ACA GMA CTG TAC GAC GTT TCC ATC AGT TTC GAT GTT
Asn val Thr Glu Leu Trp Asp Val Ser Ile Ser Leu Asp Val
ACE AGC AART ATG ACC ATC TTC TGT ATT CTG € E TG G TTA TCT
Thr Ser Asn Met Tar Ile Fhe Cys Asn Leu Glu Thr Asp Lys Thr 2 Leu Ser

TCA CCT TTC TCT ATA G
Ser Pro Phe Ser Tie G

gtaaaqctgttttccaagactat&:crttcaqcagg&at:atacacaaafg aggcagatcatccaatgte
acttgctaggaaacctocas tgggacattitatgacgotgthaggaaggas gatggaggrctoctgott
gagtqatgcagggtccaggaggctacqaqccta:gttgcacttgaagaaatatgctLttagccctgsaac ga:

tetcctggottacctttggatggaggattotgaagtotcgatitiaaaa. .. .. trop E (2.7 Kkl
Exon 6
..... ctgaggccctgagestgggactitotatggoctestant caggcettctetggoattagaa o

tgtggattt
gggagaggcﬁggcaqqtaaatgqagagaagagcagctagcaqaaacct:ttgtaaatgac:ctcctggc gattgaan

atttgtggtcatttgtag

AG CTT GAG GAC CCT CAG CCY CCC CCA GAC CAC ATT CCT TGS ATT RCh G
lu Lew Glu Asp Fro Gin Pro Pro Pro Asp His Ile Rx2 Trp Iie Thr Ala 3

ACA GTT ETT ATA TGT GTS ATG GIT TTC TGT CTA ATT CTA TGG AAR TG3 ARG BAG ARG
Thr Vai Ile Ile Cvs Val Met Val Phe Cvs Leu Lle Lew Ixp Lys Trp Lys Iys Lys
RAAR

AAG CGG CCT CGC AAC TCT TAT
Lys Arg Pro Arg asn Ser Tyr Lys Cys

gtgagtgagtocttgiectocecacagactghoactitgeas scttcccaateggotgyotgestteocggagotty
:tggctgagccta;a:tgqcaaaaag:caggaagttqttgqcaaaaaaﬁgtt* cecottggagtttigagectataca
gaccggcaqtagcagataatgct;ctc:cggacttcataqaaaggcgacat: ctaacctotggtthtacaatgtact
tetggtttecaggaaaactgaatt. . ... Intron B (5.8 KR ..

Exon 7

..... ttttggt:agccaggatagagatataagtgqgagatctdtttccagzgt:agaatLtaaggca:ag:gagaaa
ggqaaggcatatactttttgaatgcaagaaacttc:tcccaatccccctgaaa::gcatcatttgagtaactatctct
tccatatataaagtcacaacaatttctctctcagtcccagaa:t-:gaagccttttcaaac:tLccttcttttggtat
:taggaggaatagatttttgaagattgttcttgqtgtctttcag

GA ACC RAC ACA ATG GAS AGG GAA GAG AGT GAA CAG ACC ARG BAA AG
ly Thr Asn Thr Met Glu Arg Glu Giu Ser Giu GIn Thr Lys Lys Ar

gcaaatcctgaccctgagaaattgatgagagaggta:aatccccagagtqsctgttacttgaataggctLatgcctaa
catatgttgagacctcagcaaacctgaactaatggagagqqagaggaaaataaaactagttaagaactgqaagaaaat
aacctgatadtggatgacagggtatccaatgcacaatgcccagaaagcatqacaagctc grcatggtcaagtaaaag
tcaataccaaagactteagaggtgatgaacatgggeticat ttatctgecacagtaac aggracchggcacagt
gcectagatttagtgggoatccectea. . ... Iptron 3 LB KDY .... .

Exon 8

catgggaaggcccaqgcagaaataaagggtagctcatgaag:ataqatqacagtgtaq ce

c

..... a
Lcttgctttctccacctttc:cttcaatagtttgtttctcctcattgctgttccaatgqsadcc
tcattgaaatctagaaaaagaaagcaqc:caaatgtgaaatatcac:tnatcttttcttcta:t

A GAR ARA ATC CAT ATA COT GRA AGA TUT GAT GAA GCC CAZ C3T GTT TTT ARR AGT TICG
g Glu Lys Ile His Ile Pro Glu Arg Ser Asp Ala Gln Arg Val Phe Lys Ser Ser

AAG ACA TCT TCA TGC GAC AAR AGT GAT ACAR ¥GT TT? TAA_TTARAGRCTARAGCCCATACARGTA
Lys Thr Ser Ser Cys asp Lys Ser Asp Thr Cys Phe *

TTCATTTTTTCTACCCTTTCCTTTGTAAGTTCCTCGGCAKCCTTTTTGATTTCTTCCAGAAGGCAAAAAGACATTAC:
ATGAGTAATAAGGGGGCTCCAGGACTCCCTCTAAGTGGAATAGCCTCCCTGTRACTCCAGCTCTGCTCCGTATGACAA
GAGGAGACTTTAATTCTCTTACTSCTTCTTTTCACTTCAGAGCACACTTATGGGCCAAGCCCAGCTTAATGGCTCATS
ACCTGGAAATAABATTTAGSACCAATAC L cotccagatcagattettetet

Fig. 2 Nucleotide sequence of the CD86 gene. Exon sequences,
including 5’ and 3'UT regions of CD86 mRNA, are shown in upper-
case letters, with the translated amino acids below for protein-encoding
regions. Lowercase type is used for intron sequences A through G. The
first amino acid of the mature CD86 protein is indicated as +1. An
asterisk denotes the stop codon. Alternate splicing of exon 1 or 2 to
exon 3 yields CD86 mRNA transcripts with different 5'UT sequences.
The hydrophobic residues which form the transmembrane domain are
underlined with a dashed line in exon 6. Two potential polyadenylation
signals are underlined with a solid line in exon 8




-2 (CD&s)

eecagatoay

:ctgcttb;ag
3TS TAC T
Jal Tyr

tagagecaty
cctgattgaaa

A CIT Con
‘al Leu Rxo

ARE AAG
Lys Lys

ccggagetly
agcotataca
acaatgtact

acagtgagasa
taactatctot

tcitetgotat

cttatgoctaa
tggaagaaaat
tcaagtaaaagy
sctggcacagt

rggttotitic
attetgeccta
scag

AR AGT TCS
/s Ser Sexr

CATACAAGTA

squences,
in upper-
-encoding
th G. The
s +1. An
1or2io
2(jUences.
ymain are
enylation

Jellis et al.: Genomic organization of hB7-2 (CD&6)

wmia, M., Ito, D., Yagita, H., Okumura, K., Phillips, J. H., Lanler,
1. L., and Somoza, C. B70 antigen is a second ligand for CTLA-4
and CD28. Nature 366: 76-79, 1993
zer. B, R., Taylor, P. A, Linsley, P. 8., and Vallera, D. A. In vivo
slockade of CD28/CTLA4: B7/BBI interaction with CTLA4Ig
reduces lethal murine graft-versus-host disease across the major
histocompatibility complex barrier in mice. Blood 83: 38153825,
1994
giriello,  F., Freeman, G. 1., Edelhoff, S., Disteche, C. M,
Madler, L. M., and Sharpe, A. H. Characterization of the murine
B7-1: genomic locus reveals an additional exon encoding an
alternative cytoplasmic domain and a chromosomal location of
chromosome 16, band BS. J Immunol 153: 5038-5048, 1994
lissiotis, V. A., Freeman, G. J., Gribben, 1. G., Daley, 1., Gray, G.,
and Nadler, L. M. Activated human B lymphocytes express three
CTLA-4 counterreceptors that costimulate T-cell activation. Proc
Natl Acad Sci USA 90: 11059-11063, 1993
gel, P, Gribben, 1. G., Freeman, G. J., Zhou, L. ., Nozawa, Y.,
“Abe, M., Nadler, L. M., Wakasa, H., and Tedder, T. F. The B7-2
(B70) costimulatory molecule expressed by monocytes and acti-
“vated B lymphocytes is the CD86 differentiation antigen. Blood
B4 14021407, 1994
oman. G. 1., Gray, G. S., Gimmi, C. D., Lombar, D. B., Zhou, L. 1.,
White, M., Fingeroth, 1. D., Gribben, J. G., and Nadler, L. M.
Btructure, expression, and T-cell costimulatory activity of the
qrrine homologue of the human B lymphocyte activation antigen
7. J Exp Med 174: 625-631, 1991
man; G. 1., Gribben, J. G. Boussiotis, V. A., Restivo Jr, V. A.,
ombard, L. A., Gray, G. S., and Nadler, L. M. Cloning of B7-2:
CTLA-4 counter-receptor that costimulates human T cell
roliferation. Science 262: 909-911, 1993
i, C. D., Freeman, G. J., Gribben, J. G., Sugita, K., Freedman,
. S.. Morimoto, C., and Nadler, L. M. B cell surface antigen B7
rovides a costimulatory signal that induces T cells to proliferate
“and secrete IL-2. Proc Natl Acad Sci USA 88: 6575-6579, 1991
gding, F A., McArthur, I. G., Gross, J. A., Raulet, D. H,, and
“Adlison, J. P CD28-mediated signalling co-stimulates murine
cells and prevents induction of anergy in T-cell clones. Nature
7356: 607609, 1992
fiking, M. J. and Schwartz, R. H. Antigen presentation by chemically
odified splenocytes induces antigen-specific T cell unresponsive-
“ness in vitro and in vivo. J Exp Med 165: 302-319, 1987
. C. H. Signal transduction in T cells. Curr Opin Immunol
3: 287293, 1991
sper, R. D. and Samelson, L. E. T cell antigen receptor activation
‘pathways: the tyrosine kinase connection. Cell 64: 875878, 1991
ova, L., Clark, E. A., Shu, G., and Dupont, B. The CD28 ligand
B7/BB1 provides a costimulatory signal for alloactivation of CD4+
i cells. J Exp Med 173: 759-762, 1991
tsen, C. P, Ritchie, S. C., Hendrix, R., Linsley, P. S., Hathcock, K. §.,
Hodes, R. J., Lowry, R. P, and Pearson, T. C. Regulation of
immunostimulatory function and costimulatory molecule (B7-1
and B7-2) expression on murine dendritic cells. J Immunol
152: 5208--5219, 1994

89

Lenschow, D. J., Zeng, Y., Thistlewaite, J. R., Montag, A., Brady, W.,
Gibson, M. G., Linsley, P. S., and Bluestone, J. A. Long term
survival of xenogeneic pancreatic islets induced by CTLA4Ig.
Science 257: 789-792, 1992

Lenschow, D. I, Sperling, A. L., Cooke, M. P., Freeman, G., Rhee, L.,
Decker, D. C., Gray, G., Nadler, L. M., Goodnow, C. C., and
Bluestone, J. A. Differential up-regulation of the B7-1 and B7-2
costimulatory molecules after Ig receptor engagement by antigen.
J Immunol 153: 1990-1997, 1994

Linsley, P. S., Brady, W., Grosmaire, 1. S., Aruffo, A., Damle, N. K.,
and Ledbetter, J. A. Binding of the B cell activation antigen B7
to CD28 costimulates T cell proliferation and IL-2 mRNA
accumulation, J Exp Med 173: 721730, 1991a

Linsley, P. S., Brady, W., Urnes, M., Grosmaire, L. S., Damle, N, K.,
and Ledbetter, J. A, CTLA-4 is a second receptor for the B cell
activation antigen B7. J Exp Med 174: 561-569, 1991b

Nisbet-Brown, E. R., Lee, J. W., Cheung, R. K., and Gelfand, E. W.
Antigen-specific and non specific mitogenic signals in the activa-
tion of human T cell clones. J Immunol 138: 3713-3719, 1987

Pearson, T. C., Alexander, D. Z., Winn, K. I., Linsley, P. 5., Lowry,
R. P, and Larsen, C. P. Transplantation tolerance induced by
CTLAd4lg. Transplantation 57: 1701-1706, 1994

Pescovitz, M. D., Yang, R., Liu, Q., Collins, M. H., and Grosfeld, J. L.
CD28-pathway blockade with CTLA4Ig leads to prolongation of
small bowel transplant survival in rats. Transplant Proc 26:
16181619, 1994

Reiser, H., Freeman, G. J., Razi-Wolf, Z., Gimmi, C. D., Benacerrof, B.,
and Nadler, L. M. Murine B7 antigen provides an efficient
costimulatory signal for activation of murine T lymphocytes via
the T-cell receptor/CD3 complex. Proc Natl Acad Sci USA 89:
271-275, 1992

Selvakumar, A., Mohanraj, B. K., Eddy, R. L., Shows, T. B., ‘White,
P. C., and Dupont, B. Genomic organization and chromosomal
location of the human gene encoding the B-lymphocyte activation
antigen B7. Immunogenetics 36: 175181, 1992

Shapiro, M. B. and Senapathy, P. RNA splice junctions of different
classes of eukaryotes: sequence statistics and functional implica-
tions in gene expression. Nucleic Acids Res 15: 7155-7174, 1987

Southern, E. M. Detection of specific sequences among DNA frag-
ments separated by gel electrophoresis. J Mol Biol 98: 503517,
1975

Sternberg, Nat. L. A bacteriophage P1 cloning system for the isolation,
amplification and recovery of DNA fragments as large as 100 kb.
Proc Natl Acad Sci USA 83: 103-107, 1990

Turka, L. A., Linsley, P. S., Lin, H., Brady, W., Leiden, J. M., Wei, R. Q.,
Gibson, M. L., Zheng, X. G., Myrdal, §., Gordon, D., Bailey, T.,
Bolling, S. T., and Thompson, C. B. T-cell activation by the CD28
ligand B7 is required for cardiac allograft rejection in vivo. Proc
Natl Acad Sci USA 89: 11102-11105, 1992

Umetsu, D. T., Katzen, D., Chatila, T., Miller, R., Jabara, H. H,,
Maher, M., Oettgen, H., Terhost, C., and Geha, R. S. Requirements
for activation of human peripheral blood T cells by mouse mono-
clonal antibody to CD3. Clin Immunol Immunopathol 43: 4864,

1987




